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IN the first place we must thank the council for permis-
sion to bring this paper before your society and for an
opportunity which we greatly appreciate. We also wish to

say that our communication has been somewhat altered in
form and arrangement because a feeling has been expressed
that the entire subject of the causation of acute rheumatism
should be thrown open to discussion. Our original intention
had been to devote this paper chiefly to some difficult points
in the study of this disease by giving an account of an in-
vestigation upon a very remarkable case rather than to dwell
upon an aspect which we feared that we had already laboured
to the point of weariness. Now, however, our intentions are
to commence this paper by putting before you our present
attitude towards the etiology of acute rheumatism and

answering some of the objections that have been raised

against our interpretation, for we feel that if we do not take
this precaution the particular points bearing upon the
nervous sJstem which are the subject of this paper will
seem to rest upon an insecure basis.

PART 1.-THE ETIOLOGY OF ACUTE RHEUMATISM.
Five years ago in a paper published in THE LANCET2 we

claimed that we had proved that a diplococcus was a cause of
rheumatic fever-a cause that had been hazarded by others
in England, Germany, and France before the publication of
oar article.3 Two years later before the Royal Medical and
Chirurgical Society 4 we showed that rheumatic fever might
be a cause of malignant as well as so-called simple endo-
carditis. Since then and up to the present time we have
been gradually filling in the gaps in our knowledge and
strengthening the weaker links in the chain of proof. Our

position now has not altered : we still firmly maintain that
this diplococcus is a cause of rheumatic fever ; and further,
we believe it to be the only bacterial cause; we also
maintain that rheumatic fever is a cause of malignant
endocarditis.

These views clearly imply that we hold that there is a
definite disease-rheumatic fever. We do firmly believe
this and hold that it is as definite a di-ease as tuberculosis.
Tuere are, admittedly, cases of rheumatic fever that are
most difficult to differentiate, but they are no more numerous
or more puzzling than are difficult cases of tuberculosis
or typhoid fever. These views imply, too, that we have
satisfied Koch’s postulates. We believe that we have
done so, and at various societies in London and at the
International Congress in Madrid 5 we have demonstrated
the micro-organism, its pure cultures, and its presence in
the human and animal tissues damaged by rheumatism.
We have isolated it now from 32 cases of undoubted rheu-
matic fever and the disease can be produced not only in
rabbits but, as Vernon Shaw 6 has shown with one of our
cultures, in monkeys also.
On the other hand, we have never maintained that this

diplococcus was specific except in so far that it is, in our

1 A paper read before the Neurological Society of the United King-
dom on Nov. 23rd, 1905.

2 THE LANCET, Sept. 22nd and 29th, 1900.
3 Klebs : Archiv f&uuml;r Experimentelle Pathologie, 1875, Band iv., p. 469.

Wilson : Edinburgh Medical Journal, 1885, vol xxx., p. 1105. Mantle :
The Etiology of Rheumatism from a Bacterial Point of View, Brit.
Med. Jour., 1887. Popoff: Meditz Prevalena k’Morskomu Sbomekie,
1887, p. 461. Von Leyden : Congress der Inneren Medicin, Berlin,
July 2nd, 1894. Triboulet and Coyon : Comptes Rendus de la Soci&eacute;t&eacute; de
Biologic, 1898, p. 214. Westphal, Wassermann, and Malkoff : Berliner
Klinische Wochenschrift, 1899, No. 29, &c.
4 Poynton and Paine: Transactions of the Royal Medical and

Chirurgical Society, 1902.
5 Transactions of the Fourteenth International Congress of Medicine,

Section of Medicine, 1903.
6 Vernon Shaw : Journal of Pathology and Bacteriology, December,

1903.

opinion, the only bacterial cmcse of a specific disease. We
set ourselves to prove that it was a cause of a specific
disease and left for future investigation the next step-the
demonstration of a distinctive laboratory test for the micro-
organism. A very different undertaking this one, yet only
too often confused with the first; indeed, we venture to put
this question prominently before the meeting : Does a

demonstration of a bacterial cause of a dise ase demand the
demonstration of a specific test for the bacterium ? 
We named the micro-organism the "diplococcus rheu-

maticus"-a name which has aroused a little criticism.
Yet it is a reasonable and accurate name and for these

reasons, in our opinion, the best name. It is reasonable
because the bacterium is a cause of rheumatic fever, and it
is accurate because a diplococcus expresses the usual

appearance of the micro-organism. Some hold that the
name i-< badly chosen, because it implies that the micro-
organism is specific, but clearly it in no way interferes
with the appearance on the scene of a spiroch&aelig;te or trypano-
soma rheumaticus. Others hold that it is badly chosen
because the adjective "rheumaticus" implies that rheu-
matism is a definite disease ; our answer to this is that
acute rheumatism or rheumatic fever is a definite disease,
and that if the term rheumatism has any accurate meaning
it should have one corresponding to that which the term
tuberculosis bears in relation to acute tuberculosis or

tuberculous fever.
There are some who believe that rheumatic fever is not

the result of an infection. They ought, we think, to
demonstrate some non-infective cause and then to explain
the coincidence that a bacterium, which has been found in
the arthritis, endocarditis, pericarditis, subcutaneous nodules,
pleurisy, pneumonia, peritonitis, and nephritis of rheumatic
fever, is able to produce similar lesions in animals. Should
they look upon all these lesions as complications they should
define rheumatic fever when these lesions are put aside as
epi-phenomena. Many more believe that rheumatic fever
is a result of many different infections. If one other micro-
organism even can be said to have fulfilled Koch’s
postulates with reasonable constancy someone should bring
forward the evidence in its favour by a clear and decisive
demonstration. Lastly, there are others who believe rheu-
matic fever is a definite disease and that it is infective, but
that the infection has not yet been demonstrated. This view

naturally implies that the evidence in favour of this diplo-
coccus is not convincing.

It is not convincing in the opinion of some because the

diplococcus is not constantly present ; indeed, they would go
further and say it is generally conspicuous by its absence,
or if it is present that it is only found after death. These

objections we can only meet by a counter-s’atement, to the
effect that it is found ante mortem and post mortem and that
in suitably chosen cases it is found with remarkable constancy.
We have ourselves found it in 32 cases and many others have
isolated a diploccccus in acute rheumatism, notably, Ainley
Walker and Beatson, Beattie 8 and Vernon Shaw in this
country, von Leyden,9 Triboulet, and Coyon,10 Wassermann,11
Predtetschensky,12 Meyer,13 Singer,14 Allaria, 13 Jarvis,16 Cole,17
Longcope,18 and Herry.11
Never easy to find, it is very difficult to discover if

searched for, as it was searched for by Philipp,20 in unlikely
places such as the blood and arthritic exudations. The

micro-organism multiplies and flourishes in the local lesions
and the blood stream is only a channel of conduction;
further, rheumatic septicaemia, as clinical experience teaches
us, is rare, although two such instances have occurred
in our experience. Apart from these very exceptional
instances we have several times isolated it from the blood
ante mortem but the blood stream is certainly not a favour-
able site from which to isolate the micro-organisms in an

ordinary case of acute rheumatism. Another unlikely place
is the arthritic exudation, because the micrococci are

7 Ainley Walker : Practitioner, 1903.
8 Beattie : Brit. Med. Jour., December, 1904.

9 Loc. cit. 10 Loc. cit. 11 Loc cit.
12 Predtetschensky : Vratch, 1901, No. 24.

13 Fritz Meyer : Deutsche Medicinische Wochenschrift, 1901.
14 Singer: Verhandlungen des Congresses fur Innere Medicin, 1897,

1899.
15 Allaria : Rivista Critica de Clinica Medica, 1901, No. 47.

16 Jarvis : Th&egrave;se de Paris, 1902.
17 Cole : Journal of Infectious Diseases, vol. i., No. 4, 1904.

18 Longcope : American Journal of the Medical Sciences, 1904.
19 Herry : La Semaine M&eacute;dicale, Oct. 4, 1905.

20 Philipp : Deutsches Archiv f&uuml;r Klinische Medicin, Band lxx.,
Hefte 1-3.
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deposited in the areolar tissue below the free margin of the
synovial membrane and the cells lining the synovial cavity
are phagocytic. Not only this, numerous leucocytes also
escape into the synovial tissues and aid in the destruction of
the micrococci. Then, again, the amount of exudation is

comparatively small and the exudate itself containing
leucocytes and endothelial cells will destroy the bacteria. If
these reasons are not sufficient we would add that rheumatic
arthritis is the most easily overcome of all the lesions and
that in animals which have been experimentally inoculated
with the diplococcus and in which as a result arthritis has
developed you will fail to isolate the micrococcus from the
fluid when this arthritis is in the early stage. This has

happened to us repeatedly. It is of considerable interest
also, as bearing upon this point, that antitoxic sera free from
bacteria may sometimes produce effusion into joints and this
makes it very probable that the poisons formed by the diplo-
cocci in the synovial tissue can of themselves produce an
effusion into the synovial cavity. Dr. Beattie has kindly
sent us a note from a further research which he has not

yet published of a case in which he found in a man dead
from rheumatic fever that the exudation was sterile but the

congested areas of the synovial membrane, removed with all
precautions, gave a pure growth of the diplococcus. This is
a most striking independent proof of our assertion.
Although, then, the arthritic exudation is not an easy fluid

in which to find the diplococcus, yet it can be found, and has
been found, by ourselves and others both ante mortem and
post mortem. On the other hand, it can only be a fair

question, if we maintain that the micro-organism can be
found in suitable cases with remarkable constancy, to ask
what are the suitable cases ? They are acute and severe
ones, in which the lining membranes of the serous cavities
are greatly damaged or in which the type is malignant.
Sero-fibrinous pericarditis and malignant cases of rheumatic
endocarditis are excellent examples. We have only failed
once in recent cases of fatal pericarditis when adhesions have
not been extensive and in that case we had to deal with a
hsemorrhagic exudation.
A good deal of criticism has been devoted to the nature of

this micro-organism ; this criticism is of secondary import-
ance. Whether or not the diplococcus is a cause of rheu-
matic fever is clearly of first importance, but whether or not
it is an altered streptococcus pyogenes is of secondary
importance because no one can define the streptococcus
pyogenes. This line of criticism, however, needs a few
words of comment, not only because it has been freely used
in this country and on the continent but because it illustrates
that narrowness of vision with which so many view the

subject of rheumatism. Take, for example, an admirable and
recent investigation by Rufus Cole. Rufus Cole, having
isolated a diplococcus from a case of rheumatic fever, pro-
ceeded to work as others, including ourselves, had done,
with various streptococci isolated from conditions which were
certainly not rheumatic, and thus concludes : " Arthritis and
endocarditis may be produced by the intravenous inoculation
of rabbits with streptococci from various sources, and the
results are quite similar to those described as resulting from
the inoculation of the so-called micrococcus or diplococcus
rheumaticus." Can anyone, we ask, possibly say that lesions
are quite similar until they can explain the details of the
chemical processes which have produced them ? Could any
member of this or any other learned society venture to

dogmatise upon the exciting cause of an early arthritis or
endocarditis in man by looking at the lesion with the naked
eye or even under the microscope ? Could he, for example,
say this is gonococcal, rheumatic, pneumococcal, or in-
fluenzal or staphylococcal ?

Not, however, content with this conclusion, investigators
working on these lines go further and say that the rabbit is
quite useless as a test, for you can produce arthritis and
endocarditis in it with various micrococci and the occurrence
proves nothing. They forget monkeys as well as rabbits
are susceptible to the rheumatic infection and the fact
that the first two of Koch’s postulates must be satisfied-
you mmt find the organism in the human disease you are
studying and isolate it from the lesions. No one has yet
claimed that at present these two postulates can be
ignored in studying the cause of rheumatism and it is

obviously impossible to do so until the specific test for the
bacterium has been discovered. Then is it so remarkable
that the rabbit is susceptible to many causes of arthritis
and endocarditis’. Is rheumatism the only cause of these
conditions in man Have not we heard, for instance, of

gonorrhoeal, staphylococcal, meningococcal, pneumococcal,
scarlatinal, tuberculous and influenzal endocarditis and
arthritis, yet is it quite useless to attach any importance
to endocarditis and arthritis as evidences of rheumatism
ia man ?
Another statement we have frequently heard is to the

effect that this diplococcus is only an attenuated strepto-
coccus pyogenes. What a confession this is of lack of
clinical knowledge. Could anyone who has thoroughly and
honestly studied acute rheumatism believe it to be the result
of an attenuated anything ? It is remarkable, too, how
pysemia has disappeared since the antiseptic treatment of
wounds has been introduced and yet rheumatic fever cannot
be said to be any less common. What is to be said of the
scientific value of that widespread doctrine that salicylate
of sodium is a test of rheumatism ? We think that it
assumes so much that is at present unknown that it cannot
be considered to be even in the field of discussion.
The great dimculty at the present time is, then, to find a

specific test or specific tests for this diplococcus by which
we can recognise it from other streptococci and it is a diffi-
culty that will probably test the most skilful bacteriologists
and chemists. Gram’s stain and morphological and cultural
characteristics do not carry the weight they did ; bacteriology
is getting older and is more cautious with its use of the word
"specific." We, however, maintain that a failure to find a
specific laboratory test in no way alters the conclusions that
the bacterium is a cause of acute rheumatism or that acute
rheumatism is a specific disease. The best test of a

bacterium, though not the most practically useful one, is the
satisfaction of Koch’s postulates. We should not like it,
however, to be thought that we have neglected to attempt a
differentiation ourselves, or have not appreciated the efforts
of those investigators who have not been content to rest
quietly under the assurance that rheumatism, pyaemia,
erysipelas, septicaemia, and puerperal fever are all the same
thing, only different.
The diplococcus has, in our opinion, these peculiarities :-
1. Morphologically, it is minute and smaller than the

streptococcus pyogenes. The diplococcal arrangement in

early cultures is more constant and it does not retain Gram’s
stain so well. Lastly, it resists drying in the most remaik-
able way for six months or even longer, which we believe is
very different from the character of the streptococcus lanceo-
latus.

2. Physiologically, it causes an early production of acid
and a greater production of acid than the streptococcus
pyogenes. On this account it produces a firm clot in milk.
The diplococcus will grow in a filtered culture of the strepto-
coccus pyogenes. Ainley Walker and R,yffe121 in a most
interesting research have demonstrated that a considerable
amount of formic acid is produced by, and in, these bacteria.
Allusion, too, must be made to a recent paper by Gordon in
THE LANCET 22 upon a ready method of differentiating
streptococci by their ability to decompose various chemical
compounds belonging to the carbohydrate, glucoside, and
polyatomic alcohol series, in each case with an acid reaction.
No direct reference is made to the streptococcus of rheu-
matism, but the general conclusion of this investigator is
interesting. He writes : "The chief object of my paper is to
show that the individuality of streptococci is real, not

apparent."
3. Experimentally, rabbits are more resistant, and

arthritis and endocarditis are much more constant. It is
also difficult to raise the virulence. When it produces rapid
death in a rabbit we have not observed that remarkable

softening of the tissues and stainirg of the blood-vessels
seen in severe streptococcus pyogenes infections. And we
have never seen abscesses in the kidneys, heart wall, spleen,
or liver.
These may be small points and are certainly far from

specific tests, but taken together they have, we believe, some
value. It certainly seems to us that the most satisfactory
working theory at present is to look upon rheumatism and
its allies as one looks upon a group of chemical elements,
such as chlorine, bromine, iodine, and fluorine-that is to
say, there is much in common among them, yet each con-
stituent of the group is in itself peculiar. To summarise,
we bold that there is a great infective process, the rheu-
matic, to be placed among that series of infective processes
where the staphylococcus, streptococcus, pneumococcus, and

21 Walker and Ryffel : Brit. Med. Jour., Sept. 19th, 1903.
22 Gordon : THE LANCET, Nov. 11th, 1905, p. 1400.
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gonococcus are to be found, and that the infective agent
is a diplococcus with, in all probability, some peculiar
characters.

PART II.-CHOREA.

Passing now to the particular investigations which
prompted us to ask for your leave to read this paper the first
have reference to chorea. In May, 1901, in a paper in
THE LANCET, we elaborated in some detail the view that
rheumatic chorea was a result of the diplococcus infection.
We speak advisedly of rheumatic chorea, not being prepared
to maintain that all chorea is rheumatic, for it may be that
other infections, especially of the streptococcal group, can
also sometimes produce this condition and many also believe
that fright is an exciting cause. With regard to this latter
point, as a result of personal inquiry into the history of 250
cases of chorea under 12 years of age, we support Dr. D. B.
Lees’s opinion that fright, as an exciting cause, is greatly
overrated, but we believe that it is, as many authorities
have long maintained, a predisposing one of importance. It

hardly need be said that we believe implicitly in the teach-
ing of those who have held that the great majority of cases
of chorea are rheumatic, and rheumatic in the sense that the
chorea is an actual manifestation of the disease. Here,
again, we would submit that the clinical evidence in favour
of this view is overwhelming.

If then, for the moment, the diplococcus is accepted as a
cause of rheumatic fever, the first essential in the explana-
tion of rheumatic chorea is to bring forward evidence of its
presence in the nervous system or general circulation when
the rheumatism is active and has been the cause of death.
Such evidence is slowly accumulating. Thus a diplococcus
was isolated under such conditions by Dana 2:; in 1894 arid
again in 1898 by Apert,24 who then distinctly stated
that he thought it was identical with the diplococcus
discovered by Triboulet and Thiroloix in aggravated
rheumatic fever. In 1889, Westphal, Wassermann, and
Malkoff published their important case of a child, dead
from rheumatic pericarditis and chorea, from whose

pericardial and cerebro-spinal fluids was isolated a diplo-
coccus which produced arthritis in a series of 80 rabbits.
These observers maintained that this diplococcus was the
cause of acute articular rheumatism. In 1900 we recorded
the occurrence of choreiform movements in a rabbit as a
result of an intravenous inoculation of the diplococcus,
and in 1901 we verified the occurrence of a diplo-
coccus in the cerebro-spinal fluid of a child who had
died from severe rheumatism with chorea. Fritz Meyer, in
1901, with a diplococcus obtained from rheumatic angina
faucium, produced irregular twitching movements in six
rabbits. In 1903 Beaton and Ainlev Walker twice isolated a
diplococcus post mortem from the heart’s blood and once
ante mortem from the urine in rheumatic chorea, and in two
of these cases produced arthritis and endocarditis. In 1903,
at the International Congress,25 we also brought forward a
fatal case of rheumatism with chorea, in which we had
isolated the diplococcus from the pericardial fluid and pro-
duced not only arthritis, as had Wassermann, but also peri-
carditis and endocarditis. In 1904 Beattie recorded the same
occurrence with a diplococcus which he had independently
isolated from a case of fatal rheumatism. In his case the
diplococcus was isolated from the arthritic exudation and
also produced choreiform movements in a rabbit.

Now, again, in two cases of rheumatic fever dying with
symptoms of chorea we have isolated this diplococcus from
the cerebro-spinal fluid. In one case the virulence of the
cultures was not sufficient to produce any experimental
effect ; in the second case, however, not only was arthritis
produced but also endocarditis and pericarditis-that is to
say, a micro-organism circulating in the cerebro-spinal fluid
4uring an acute attack of rheumatism with chorea was able
to produce such lesions as arthritis, endocarditis, and peri-
carditis. This, we think, brings us a step nearer the elucida-
tion of chorea, and owing to the kindness of Dr. Lees we
are enabled to give a brief account of this case. A boy,
aged nine years, who had suffered from acute rheumatism at
three years of age, was admitted to St. Mary’s Hospital
under Dr. Lees on Nov. 22nd, 1904, in a second attack.

Previously to his admission he had been ill for seven weeks
with sore-throat, multiple arthritis, and general chorea, and
he only lived two days in the hospital, dying with general

23 Dana : American Journal of the Medical Sciences, 1894, p. 31.
24 Apert : Soci&eacute;t&eacute; de Biologie, Jan. 20th, 1898.

25 Poynton and Paine : Transactions of the Fourteenth International
Congress of Medicine, Section of Pediatrics, 1903.

pericarditis and violent chorea. The necropsy showed a

pericardium bound down by recent and old adhesions but
there was no endocarditis. The liver and kidneys were
engorged, there was pleurisy with fibrino-plastic exudation,
and the brain was hypertemic.

This, then, may be looked upon as a case of severe rheu-
matic fever in which chorea was a notable manifestation at
the time of death. Cultures were made from the blood in the
heart, the pericardial and cerebro-spinal fluids, in milk
bouillon. One tube of blood from the heart was sterile and
one contained a pure growth of the diplococcus, the tube
with the cerebro-spinal fluid contained a pure growth, and
the pericardial fluid contained the same micro-organism,
together with the staphylococcus albus, from which it was
separated by plate culture. Two inoculations were made
from these cultures : (a) a small dose was injected sub-
cutaneously into a small rabbit; and (b) a large dose was
injected intravenously into a large rabbit. The first developed
a !-mall inflammatory nodule at the site of inoculation, which
disappeared gradually without any constitutional symptoms.
The second, injected intravenously, died in 24 hours. Diplo-
cocci were present in the blood. All the organs were firm
and not soft as in the case of a septicaemia from a septic
infection. The diplococcus was isolated and again cultivated.
Another series of cultures was then made from the original
strain and three more inoculations were made on Nov. 30th.
(1) A five cubic centimetre bouillon culture was injected lntra-
venously into rabbit No. 3 ; (2) the contents of three blood
serum tubes were injected intravenously into rabbit No. 4; and
(3) the contents of three blood agar tubes into rabbit 1B0. 5.
The last of these three animals developed arthritis on the
third day and died on the’fifth from general pericarditis,
cardiac dilatation, and mitral endocarditis. We have been
asked whether we have also obtained the diplococcus from
the brain but the question is impossible to answer, because
one cannot exclude the possibility of either pia mater or
cerebro-spinal fluid being included in the fragments.
There have been a certain number of observations pointing

to the presence of the staphylococcus aureus as a cause of
chorea. We have not ourselves been able to trace such a
connexion in rheumatic chorea and in a recent paper by
Poynton and Vernon Shaw 6 some evidence was brought
forward to show that this micrococcus was not a cause of
rheumatism and rheumatic chorea. Nevertheless it is quite
possible that the aureus infection may produce chorea if we
admit that other infections allied to the rheumatic may be,
in exceptional cases, exciting causes.
We would ask you now for the moment to accept the view

that rheumatic chorea ic a result of the diplococcus infection,
for then we can pass on to the next consideration-the
nature of the morbid lesions. At the outset we are confronted
with this difficulty : we know that the lesions in rheumatic
fever are of the type of pytemic lesions-that is, they are
local infections of various organs-and we also know that
there is a variable amount of general systemic poisoning as
evidenced by the rapid anasmia. Applying this knowledge
to the nervous system we have two possibilities. Chorea

may be a result of local lesions comparable to other local
rheumatic lesions, or it may be that the delicate nervous
tissues are exceptionally sensitive to the general rheumatic
poisoning. We incline to the view that chorea is a result of
numerous slight local lesions, and it will be at once apparent
that we are thus led to a slight modification of the original
views of that illustrious neurologist, Dr. J. Hughlings Jackson.
To a slight modification in that we do not suppose that there
is actual embolism, but rather the occurrence of small focal
lesions external to the blood capillaries caused by the escape
of the diplococci which are driven by the blood stream into
these positions. The local changes around the capillaries
might cause haemorrhage, thrombosis, perivascular exudation,
and in chronic cases perivascular fibrosis. The poisons that are
elaborated would probably cause fatty and other destructive
changes in the nervous tissues themselves. We should expect
the pia mater to be definitely affected in chorea because of
its analogy to the other serous membranes and because there
are an enormous number of minute blood-vessels in this
membrane.

If, on the other hand, the general systemic poisoning is

responsible for chorea one almost despairs of getting any
nearer the solution of this problem until the chemistry
of rheumatism is elucidated, for these general systemic
poisonings are beyond the reach of morbid anatomy.

26 Poynton and Shaw : Transactions of the Pathological Society
1904.
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Working along these lines we have attempted by intra-
venous injections of formic acid in rabbits to produce
choreiform movements, but failed to obtain any such
result. Reichart 27 has recently published accounts of a
careful investigation of two brains in cases of fatal chorea.
The bacteriological investigations were negative, but in
both cases he found small haemorrhages scattered irregularly
throughout the brains ; there were dilatation of blood-vessels
and perivascular exudation of cells. This observer also found

fatty changes in the nerve fibres of the brain and cord.
These are changes such as would be associated with an
infection of the rheumatic type. The finding of such local
lesions to some extent supports the view that chorea is a
result of such changes rather than of a general cerebral

poisoning by the toxins. A more convincing point in the
pathology of chorea would be the demonstration of the diplo-
cocci in the pia mater or brain in cases of chorea. Our

opportunities for doing this have been few. At a meeting of

FIG. 1.

Rheumatic fever with pericarditis and chorea. Film of the
pia mater, showing A, diplococci in the pia mater, and JB, a
capillary blood-vessel. Zeiss, obj. ,B th, oc. 12.

the Pathological Society in December, 1900, we demon-
strated diplococci in the motor cortex of a case of very
severe chorea, but most unfortunately we did not, when we
made the necropsy, recognise the relation of the diplococcus
to rheumatism. In both our recent cases alluded to here we
found them in the pia mater as we foretold from animal ex-

periment in 1900-viz., in the neighbourhood of the capillary
27 Reichart : Deutsches Archiv fur Klinische Medicin, 1902, p. 504.

28 Poynton and Paine : Transactions of the Pathological Society, 1901.

blood-vessels. We show the specimens to-night (Fig. 1).
There is no doubt in our minds that the destruction of these
diplococci in the pia mater must be rapid, for chorea is a lesion
comparable to rheumatic arthritis in the tendency to com-
plete recovery, and, as we have already pointed out, it is no
easy task to find them in acute arthritis. It is, we think,
encouraging to have shown a diplococcus in three consecutive
cases of chorea and in the last case we know that this diplo-
coccus can produce arthritis and pericarditis in rabbits and
could be isolated from the cerebro-spinal fluid.

Lastly, there is placed under the microscope a section of
a mitral valve from a case of early endocarditis with very
severe chorea which illustrates how easily the brain could
be infected from the blood stream. These have been
our only opportunities and neither of the last two cases
should we have chosen for demonstration, for they were
not essentially cases of fatal chorea but rather fatal peri-
carditis with chorea. During the last five years we have
never had an opportunity for investigating one of those rare
cases of fatal chorea. We have not attempted lumbar punc-
ture for we cannot persuade ourselves to do this simply for
purposes of investigation and our views upon the probability
of success of this method are expressed in our views upon
arthritis. In spite of this, the fact that we have succeeded
in demonstrating the diplococcus in cases in which death
occurred with chorea does, we believe, add another link to
the chain of evidence, and it is the more suggestive because
we discovered them in the pia mater near capillary blood-
vessels in the rabbit which showed twitching movements.29
These experimentally produced twitching movements need

a passing mention. Originally described by ourselves in
1900, we then in a very guarded manner suggested that the
movements in the rabbit were analogous to chorea in a
child. Meyer and Beattie independently verified the occur-
rence and noticed twitching movements. Cole later pro-
duced twitching movements in rabbits by the injection of
other streptococci and states that the movements had no
resemblance to chorea. In our case the movements were of
that type and entirely different from convulsive movements
or the twitchings of a dying animal; in fact, we killed the
animal in order to demonstrate the diplococci in the brain
or pia mater. The search, it may be added, was most tedious
and difficult, as might be supposed when it is remembered
how minute is the size of this diplococcus.
To summarise, we believe that eventually rheumatic chorea

will prove to be a local infection of the nervous system and
that most of its symptoms are the result of a slight meningo.
encephalitis and possibly meningo-myelitis. Our reasons
for this belief are : 1. We have isolated and cultivated the
diplococcus from the cerebro-spinal fluid in four cases of
fatal rheumatism, in three of which there was chorea at the
time of death. 2. We have produced twitching movements,
arthritis, endocarditis, and pericarditis by intravenous in-
jections of the diplococcus into rabbits. 3. We have demon-
strated the presence of diplococci three times in the cerebral
pia mater and once in the brain from cases of chorea. 4. We
have demonstrated them in the brain and pia mater of the
rabbit that had shown the twitching movements.

PART III.-RHEUMATIC MENINGITIS (?)
Our last case is a most interesting one. A well-made and

intelligent boy, 13 years old, was admitted into University
College Hopital on August 26th, 1904, suffering irom
arthritis of the ankles and knees and from pain across the
chest upon drawing breath. The first attack of pain had
occurred four days before his admission, the ankles had com-
menced to swell three days before, and the knees upon the
day previous. The family history showed that the boy’s
father had suffered from rheumatic fever but the patient
himself, except for an attack of measles and an opera-
tion for adenoids, had enjoyed excellent health. His con-
dition on admission appeared to be a very ordinary attack
of rheumatic fever. The temperature was 103 60 F. and the
arthritis was of the usual type, the heart was dilated, and
there was a definite systolic mitral murmur which was con-
ducted to the left axilla. Further, rest and salicylate of
sodium rapidly reduced the temperature and by the 30th, that
is in four days, all pain and swelling had disappeared.
From that date until Sept. 17th, nearly a period of three
weeks, his convalescence was uninterrupted, while in order to
prevent a relapse small doses of salicylate of sodium were

29 Poynton and Paine : Some Further Investigations upon Rheumatic
Fever, THE LANCET, May 4th, 1901, p. 1260.
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continued. On the 17th, without any apparent cause, he com-
plained of headache; he was sick, and his temperature rose to
1024&deg;. The next day, although better in the morning, he again
vomited in the afternoon and suffered severe pain in his head.
That evening he was drowsy and his temperature rose again
to 102 60. The bowels were constipated and for this reason
an enema was given, after which he collapsed and became
cyanosed and almost pulseless. At 8 A.M. on the 19th he
became unconscious, with fixed dilated pupils and general
muscular rigidity, alternating with flaccidity. His skin,
though hot, was moist; his temperature in the axilla at
8 A.M. was 101&deg;, and at 11 A.M. 102 4&deg;. The temperature
was now taken in the rectum and also twice with different
thermometers in the groin and axilla In the rectum the
temperature was 106’4&deg; ; in the other ituations it was still
102’ 40. All efforts at treatment were fruitless and the boy
died comatose at 7.40 that evening. The difference in the

temperature in the axilla and in the rectum of over 4&deg;F. is
remarkable and we believe very exceptional ; n fact. if the
rectal temperature had not been taken the hyperpyrexia.1
element in the illness would certainly have escaped notice.
The clinical aspect of this case was a very puzzling one, not
only on this account but because the symptoms supervened
without warning at a time when all believed the boy was
quite convalescent. There are, however, other cases on record
in which the supervention of cerebral rheumatism has been
recorded during convalescence, and it is well known that
this condition may occur when the first symptoms of rheu-
matism are slight as well as when they are severe. The most

probable diagnosis thus appeared to be cerebral rheumatism.
The necropsy was made 15 hours after death. No changes

were found in the affected joints. There was a slight excess
of clear fluid in the pericardium and the mitral valve showed
early endocarditis in the process of healing. There was also

slight pleuro-pericarditis on the left side which was of recent
origin. These morbid changes, we would point out, were

Fic. 2.

Cerebral meningitis in rheumatic fever. Film from the
cerebra-spinA’! fluid, showing diplococci. Zeiss, obj. ,’,th,
oc. 12.

entirely in accord with the occurrence of an attack of recent
acute rheumatism. In no part of the body could any focus of
suppuration be seen. Examination of the brain showed a
condition of meningitis almost entirely basal in distribution
and not suppurative. Except that it spread further than is
usually the case in post-basic meningitis, the appearance was

almost identical with that condition. A good deal of turbid
fluid was present together with flakes of exudation over the
medulla, pons, and cerebellum (Fig. 2). There was also a

general spinal meningitis (Fig. 3). The actual films are
exhibited to-night and show minute diplococci in numbers.

Fie. 3.

Film from the exudation of spinal meningitis in rheumatic fever,
shoB&Uuml;ng diplococci. Zeiss, obj. ,’.,th, oc. 12.

And we would point out that even in this extraordinary and
virulent case it was by no means easy to find the micrococci
in the pial tissues.

Cultures were taken from the blood in the heart, the
pericardial and cerebro-spinal fluids, and brain. The cultures
from the cerebro-spinal fluid contained a pure growth of a
diplococcus in bouillon milk and glycerine agar. The
virulence of these cultures was higher than is usually the
case with the diplococcus and two rabbits inoculated with
large doses died comatose within 24 hours. The blood film
showed a minute diplococcus which was capsulated. The

diplococcus was isolated from the blood of one and a small
dose injected intravenously into a third rabbit. After

showing some loss of health this animal recovered. Return
was made to the original culture and again a large dose
produced rapid death, but a small dose was recovered from.
After two months’ interval a large dose was again used,
with the result that the rabbit developed arthritis of the
shoulder joints and was killed in the convalescent stage.
The diplococcus was recovered from the damaged joints.

This case was clinically and experimentally very excep-
tional and we have brought it forward simply as a con-
tribution to the subject of meningitis in the rheumatic.
Had our paper been brought forward in its original form we
should have discussed the various explanations of the case
and the details of its bacteriology, but to do so now would
be out of place. We bring it forward to-night because we
are inclined to the belief that it was a true rheumatic
meningitis in spite of the fact that we observed capsulation
of the diplococci in the rabbit’s blood, which we admit has
hitherto been regarded as a distinguishing feature of the
pneumococcus. In any case it is worthy of record should
others happen upon such a remarkable condition. Lastly,
if for the moment you will accept this case as a true
rheumatic meningitis the question arises as to how we are
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to link together these three remarkable rheumatic lesions of
the brain termed (1) rheumatic chorea; (2) rheumatic

hyperpyrexia or cerebral rheumatism; and (3) rheumatic
meningitis. In rheumatic hyperpyrexia the rule is that no
gross macroscopical lesion is found. Of this we believe
there is no doubt, for we have referred to a number of such
cases since the time of Fuller and have again and again
found the same record of an absence of gross lesions.
Nevertheless, recent research has shown that there are very
grave microscopical changes. Thus Josu&eacute; and Salomon 30 in
1903 found in such a case diplococci in the pia mater and in
some of the cerebral blood capillaries, and demonstrated
by Nissl’s method profound changes in the nerve cells of the
frontal and motor cortex. In October of this year Gandy
and Borgnait Legneule 31 in a rapidly fatal case found diffuse
chromatolysis. To us, then, it appears that this nervous
lesion is an acute rheumatic toxasmia in contrast to the

multiple and slight local lesions we believe exist in chorea.
Rheumatic meningitis we would place between these two
lesions, because there is on the one hand profound poisoning
and on the other a severe local lesion. Are these nervous
lesions, it may be asked, in any way comparable to rheu-
matic lesions of other organs ? We believe so, and would
venture the following comparison :&mdash;

Mild rheumatic carditis and chorea.
Severe rheumatic pericarditis and rheumatic meningitis.
Acute fatal rheumatic cardiac dilatation and acute fatal

rheumatic hyperpyrexia.

THE LEPTUS AUTUMNALIS AND ITS
SKIN LESION.

BY WILLIAM MACLENNAN, M.B., C.M. GLASG.,
LECTURER ON MATERIA MEDICA AND THERAPEUTICS, QUEEN MARGARET

COLLEGE, UNIVERSITY OF GLASGOW; ASSISTANT PHYSICIAN,
WESTERN INFIRMARY, GLASGOW.

DURING several summer holidays, spent in the month of
August principally at east coast resorts in Scotland, there
has come under my notice a troublesome skin ailment,
affecting, year after year, a large number of visitors and

residenters. The first summer in which I noticed this
troublesome skin irritation was in 1896 when my own

family and several friends were attacked. Hardly a summer
since has passed without an opportunity arising of studying
this skin affection. Before I came to recognise its true
nature I had inquired of the local practitioners as to its

frequency and cause and I found that for the most part it
was considered to be an eczema or an urticaria, or at any rate
they looked upon it as a skin lesion produced by some error
of diet, change of air, or the different mode of life. But
several attacks of this affection which I, or some member
of my family, contracted in successive summers, convinced
me that the ailment had no connexion either with " urti-
caria " or with I eczema," and that it had no relationship to
the regimen, to the different air, or to the condition of the
general health. Very careful attention to the nature of the
lesion and to the development of the disease suggested that
it could have no other than a parasitic origin. The capture
of the parasite itself demonstrated this to be the case and
microscopic examination showed it to be the leptus autumn-
alis. Medical literature affords very incomplete records of
the leptus autumnalis or the skin affection it produces. Those
accounts of it which do exist are inadequate and vary greatly.
It is this consideration which prompts me to put on record
my own somewhat extensive observations of the leptus and
the lesions it produces.
Almost every observer who has written about the leptus

maintains that it does not burrow into the true skin but
rather attaches itself to the epidermis of its host. Accord-
ing to Professor Braun the animal injuies the skin and
through the opening (which sometimes corresponds with the
opening of a sweat or oil gland) sucks the blood of the host
by means of its long hypopharynx imbedded in the skin.
Braun states that there is produced in the skin in the
neighbourhood of the hypopharynx a cylindrical thickened
tube, ring-shaped at the free end, which till now has been
mostly regarded as a proboscis of the leptus but which

30 Josu&eacute; and Salomon at a meeting of the Paris Hospitals Medical
Society, July 25th, 1905.
31 Gandy and Borgnait Legneule at a meeting of the Hospitals

Medical Society, Paris, Oct. 27th, 1905.

really does not belong to the parasite but to the host, just as
the branched chitin tubes in arthropods result from the

sting of mites. Brocq in his " Maladie de Peau 
" writes that

the leptus fixes itself principally at the base of hairs and
follicles in which it imbeds its mandibles, whilst the

posterior part of the body forms a red projection, around
which develops a slight inflammation characterised by
papules. As soon as it has fixed itself its abdomen dilates
little by little till it has attained five times its normal
dimensions. Ziemssen, like most other observers, states
that if we inspect several efflorescences more closely we can,
almost without exception, perceive near their centres a

slight elevation which is conspicuous by its yellowish or red
colour. This writer also says that when we seek to lift this
elevation off with the point of a needle or to scrape it away
we can often see with the naked eye an actively moving
animalcule. In the " Dictionnaire des Sciences Medicales "

Laboulbene, however, mentions that the leptus is known in
country districts under the names of bete d’ao&ucirc;t, ’l’Ot6get,
or pouce’l’on ’l’ouge. Living on plants, it attacks the legs of
people who lie or walk on the grass, penetrates into the
skin, and there determines some lively itching.
Although the literature on this subject is somewhat scanty

it is evident that most writers have hitherto believed that
the leptus never burrows into the true skin but rather
attaches itself, by means of its mandibles, to the surface of
the skin, from which it sucks the blood of its host, while
the -posterior part of its body can be seen projecting through
the epidermis. That this is erroneous, or true only of some
other parasite, my observations convince me. Indeed, it
would be strange if the leptus autumnalis did not burrow
deeply. A microscopic examination of the head of this

parasite shows at a glance how admirably it is adapted for
puncturing and penetrating the tissues of its victim. The
mandibles are very powerful and, relatively to the size of the
animal, possessed of enormous leverage. They can work in
scissor-like fashion with great rapidity (cutting with the
outer edges) and dissect a canal down which the body passes.
Once they have penetrated it is impossible for these parasites
to retreat. The leptus is provided with a similar arrange-
ment of dorsal spines as that presented by the " itch "

parasite. It is just this deep penetration which makes the
lesion of the leptus so markedly different from that of the
acarus and makes the presence of a diffuse pruriginoid
eruption conspicuous by its absence. The leptus autumnalis
is, according to most writers, either the six-legged larva of
the thrombididum holosericeum or that of the tetranychus.
Hanstein, however, denies that it is the larva of the latter.
The mature animal will probably have eight legs. As will be
seen from the accompanying illustration (which is repro-
duced from a photograph of the parasite) the legs are jointed

Illustration from photomicrograph, magnified 100 diameters.

and taper to a fine point, from the extremity of which there
project three slender bird-like claws. A specimen captured
alive showed it, under the microscope, to be a very rapidly
moving animal. Anyone who looks into this subject will
find that the illustrations and descriptions of the leptus
autumnalis given by different writers vary considerably. It
therefore appears likely that these observers have been
describing different varieties of parasites belonging to the
thrombididse.


